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ABSTRACT 
The purpose of this study was to develop a statistical method· for 
determining the race of unknown individuals from measurements on the 
innominate. Samples of 45 individuals of each sex from skeletal 
collections of American Blacks, American Whites, and American Indians 
were used to calculate discriminant functions and classification 
functions which separated those groups. 
Data for this research consisted of 23 measurements from the right 
innominate of individuals of known race, and known or estimated sex and 
age. These data were analyzed by a discriminant function program which 
calculated both discriminant and classification functions, and percent 
correct classification by race of individuals in the sample. In addition, 
several descriptive s�atistics were calculated for each group. A group 
of test cases of individuals of known race from outside the original 
sample was used to determine the accuracy of the functions for classifying 
unknown individuals into correct race categories. 
The major findings of the research were that measurements on the 
innominate, when analyzed by discriminant function, were highly reliable 
in discriminating between Blacks, Whites, and Arikara. In females, .. 
correct racial classification occurred in 93.33% of cases when all 23 
measurements were used in the analysis, and in 90.37% of cases when 11 
measurements were used. In males, correct racial classification 
occurred in 87.14% of cases when 23 measurements were included, and in 
87.14% of cases when 13 variables were analyzed . 
. iii 
iv 
Classification results on a group of 28 test cases were promising. 
Ten of 13 females classified correctly as to race, and eight out of 15 
males w�re correctly gro_uped. 
Discriminant function analysis can classify individuals from.the 
samples used in calculation into their correct categories with a high 
degree of accuracy. The accuracy of �iscriminant functions_ for the 
classification of unknown individuals into correct categories is less 
accurate, although the results indicated that correct classification 
occurred more often.than expected by chance. However, in order to 
insure the best results, the classification of unknown individuals into 
racial groups by discriminant function analysis on innominates should 
be used in combination with other criteria, if possible. 
The need for an accurate method of racial determination from 
postcranial skeletal material is evident because crania are not always 
present and complete in human identification cases. Statist.ical methods 
for race determination in such cases add an objective approach to human 
identification techniques . .  When used in combination with other means of 
race identification, they should enhance the ability to determine an 
individual's identity from skeletal remains. 
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INTRODUCTION AND LITERATURE REVIEW 
Racial identification from the human skeleton has been accomplished 
mainly by the analysis of cranial differences between groups using both 
morphological and metrical criteria. However, many researchers have 
suggested that the pelvis may also provide important information on race 
differences. 
Considerations of racial group differences in the pelvis in 
anthropological works have existed almost as long as the science itself. 
Hoyme (1957) stated that the "preoccupation" of 19th century physical 
anthropologists with race was responsible for interest in racial 
differences in pelvic form. Most of this interest centered around 
attempts to "rank" the races from most animal-like to most advanced 
(Hoyme 1957:540). Flower, in his description of the �steology of the 
Andaman Islanders, stated: 
As a means of characterising different human races, the 
pelvis will probably be found to be, after the cranium, one 
of the 'most important parts of the skeleton. The very 
marked difference of conformation between the pelvis· of man· 
and that of the nearest allied animals would certainly lead 
to the belief tha� this might be so. (1880:121) 
Another early investigator, Garson, shared Flower's opinion on the 
importance of pelvic_ differences between races, and wrote that the 
pelvis was "perhaps nex_t in importance to the form of the skul 1 as 
_indicating race characters" (1881:106). 
1 
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Early attempts to quantify differences between races based on 
measurements included Wilder (1920), Derry (1923/24), and Straus (1927)·. 
Wilder (1920:119-121), while devoting a fairly large section to the 
sacrum as a useful race determinant, limited his discussion of racial 
variation in the pelvis as a whole to classifying races by pelvic types, 
based on a "pelvic brim index" (1920:113). Derry had begun a study on 
defining sex differences by mea�urements on innominates, but, "as the 
work proceeded it became evident that the influence of race had 
such an important bearing on the question that it was impossible to 
ignore it" (1923/24:71). Derry analyzed measurements and indices on 
innominates from an English skeletal sample, two Egyptian skeletal 
samples, and a Nubian s�eletal sample, and found significant differences 
between the groups in both males and females. Straus (1927) analyzed 
the innominates of a sample of known American Whites and Blacks. He 
computed distributions by race and sex on five measurements and a 
series of indices on the ilium, and determined that, although Black ilia 
were smaller than White ilia, based on the measurements he considered, 
other significant racial differences did not exist. 
Todd and Lindala (1928) analyzed a large sample of American Black 
and American White cadavera, with respect to a large number of anatomical 
features� The authors noted that differences did exist in pelvic 
morphology between races. Their findings indicated, as did those of 
Straus, that Blacks were characterized by a generally smaller pelvis 
than were Whites. Todd (1929) attempted to summarize characteristics· 
which were typical of Black populations based on a collection of Black 
3 
cadavera. His work considered the pelvic characteristics of Blacks, and 
although he concluded that the pelvis was "not so stable in Stock-linkage 
as_ I once hoped" (1926: 61), he noted that �he White pelvis was generally 
broader than the Bl a.ck pelvis, and that the syrnphysis was "low" in 
Whites in both sexes. 
Howells and Hotelling (1936) analyzed the skeletonized pelves of 
Southwest American ·Indians by re-articulating the sacrum and innominates 
and obtaining measurements on the pelvis as a whole. Their findings 
indicated that differences did exist in the Indian population when 
compared to Whites and Blacks. Sp�cifically, Howells and Hotelling 
found that the sagittal diameter of the pelvic inlet was low in the 
Indian group, while the sagittal diameter of the outlet was high, compared 
to other groups. The authors also found that the height of the face of 
the pubic symphysis was shorter in the Indian sample than in Whites. 
In.the medical literature, there have been several reports on race 
differences.in pelvic morphology of living females. An important early. 
study on living subjects was that of Adair (1921). In this study, a wide 
range of univariate statistics were applied to measurements on "329 to 
·350" French females and 320 American females. Findings indicated that 
the two groups had "definite pelvic differences," including uniformly 
lower means in the French sample, a greater range of variation in the 
French sample, and a h�gher correlation of measurements in the French 
as compared to the American sample (1921:277). The author concluded that 
"the racial and national pelvic differences should be more carefully 
studied and recorded" (1921:277). 
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Greulich and Thoms (1938) compiled data on the pelvic dimensions of 
a large sample (n = 789) of White females in an attempt to assign them 
to pelvic types. Their results indicated that the Whites in their 
sample were characterized by pelves with antero-posterior diameter 
greater or equal to the transverse diameter. Greulich and Thorns (1939) 
also reported similar findings from a study of 69 White males. These 
individuals were characterized by a pelvic inlet equal or longer in the 
antero-posterior diameter when compared to the transverse diameter. 
Thoms (1946) reported on a study of the pelvic dimensions of 100 Black 
females, giving ·only percentages of pelvic types for the series.· When 
compared to.percentages of these types previously reported, the Black 
sample did not differ greatly from the pe!centages in White groups. 
Thorns added that it was probable that nutritional status and living 
conditions during growth had a major effect on adult pelvic morphology 
(1946:253-254). Krukierek (1951:108) stated that "living conditions" 
may result in changes in pelvic dimensions in a population. Angel (1976) 
and Nicholson (1945) have mentioned the possibility of poor nutrition 
affecting the pelvis. 
Torpin (1951) analyzed x-rays of living women and articulated 
pelves from the Todd skeletal collection, in his study on Whites, Blacks, 
and Mexicans. The author sorted the . pelves into pelvic types, and 
compared type frequen�ies between races on both living and skeletal 
·samples. Torpin concluded that there were differences in pelvic form 
between races that ultimately affected the rate of normal deliveries 
among women of different races. 
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In considering studies involving single measurements and indices on 
the pelvis, mention must be made of four studies on sex determination 
from the innominate. These are the works of Washburn (1948 and 1949), 
Hanna and Washburn (1953) and Thieme (1957). Washburn and Hanna·and 
Washburn reported that, in sexing pelves by their ischium-pubic index 
and sciatic notch angle method, differences between races could not be 
ignored. For this reason, they separated their samples by race. 
Washburn noted differences even between two African groups, Bantu and 
Bushmen. Thieme devoted an entire article (1957) to the determination 
of sex in Blacks separate to sex determination in other races. 
Studies on the morphology of the innominate have also been done in 
·the field of human paleontology. Stewart (1960), Trinkaus (1976), and 
Smith (1976) have all written brief considerations of differences which 
exist in pelvic morphology between Neanderthals and modern Homo sapiens. 
Recently, the study of differences in ·skeletal morphology between 
sexes, races, and populations in general, has been through the application 
of multivariate statistical techniques to skeletal material. Giles and 
Eiliot (1962) have used discriminant function analysis on crania to 
develop a technique for race identification. Glassman (1978) has used 
the same method for sex and race discrimination on palatal measurements, 
and Giles (1964) and Giles and Elliot (1963) have used·discriminant 
function.analysis on mandibles and crania. Howells (1973) and Jantz 
· (1972, 1973, 1974) have also demonstrated the utility of multivariate 
analysis in exhibiting between-group differences. Howells did so using 
several samples from all areas of the world to try to establish distance 
relationships between populations. Jantz used multivariate techniques 
to attempt to establish tribal affinities between groups of Plains 
Indians. 
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Although multivariate analys�s on postcranial material are not as 
common as those on crania, such techniques have been used to .separate 
groups. McHenry and Corruccini (197? and 1978) have used multivariate 
analysis on innominates of early hominids to determine their similarities 
to pongids and later hominids. Flander (1978) has used both univariate 
and multivariate analyses on sacra to determine sex differences, and, in· 
the course of her research, found that there was a significant difference 
between racial groups on sacral measurements. Day and Pitcher-Wilmott 
(1975) have utilized discriminant function analysis on innominates of 
Whites to develop a statistical sex determination technique. Douglass 
(in press) has found significant.differences between populations from 
four related archaeological populations based on multivariate analysis 
of innominates. 
CHAPTER II 
STATEMENT OF THE PROBLEM 
The identification of the race of unknown individuals from skeletal 
remains has been based largely on the analysis of cranial material 
(Krogman 1962:191-197, Comas 1960:409, Giles and Elliot 1962), and, 
secondarily, on long bone lengths and indices (Schultz 1937, Stewart 
1962). However, in some cases where a race determination is needed, 
the cranium is either absent or too badly damaged for· the application of 
cranial techniques, and long bone techniques have not proved very 
reliable for obtaining a race determination. In addition, the skills or 
experience of the investigator may not·be such that an accurate race 
determination can be made solely on morphological observations. It 
would be desirable to develop a postcranial method of race determiriation 
based on statistical means, in order to reduce the amount of subjectivity 
involved in-other methods of race determination. 
Race differences in the innominate have been noted by many authors 
in the anthropological literature (Flower 1880; Derry 1923/24, Todd and 
Lindala 1928, Todd 1929, Howells and Hotelling 1936, Comas 1960, 
Krogman 1962), but there have been few studies which·have attempted to 
quantify these differences in any other way than by simple statistics ·. 
on single measurements. Since race differences do exist in the innominate, 
it was chosen as a likely bone on which to base a method of race 
determination . The races used in this research were limited to those 
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most likely to be found in the United States, i.e. American Whites, 
American Blacks, and American Indians. 
In order to account for as much information on racial differences 
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as possible, . discriminant function analysis was chosen as the best means 
for developing a method of classifying an unknown individual into its 
correct racial group. Discriminant function analysis, which was 
originally developed for the classification of unknown individuals into 
established groups '(see Fisher 1936 and Howells 1973) was chosen as the 
best method for developing the racial discriminator. Discriminant 
function analysis is based on statistical distances between �opulations, 
and assigns scores to each individual which are related to that 
individual's closeness to the centroid (multidimensional mean) of its 
most likely racial group. Discriminant function analysis of measurements 
on the innominate was used, then, to produce functions by which an 
individual could be classified as to race. 
There were some limitations inherent in discriminant function 
analysis. The first is that the individuals of the sample on which the 
function is based will have a greater chance of correct classification 
within that function than will individuals from outside that sample. 
This is because individuals in the original sample contribute their own 
measurements to the calculation of the function, and then, when 
classified by that function, are more likely to fall into their correct 
c�tegories. A second problem is that, for practical purposes, 100% 
correct classification cannot be achieved due to within-population 
variability and the fact of racial admixture, especially among American 
Blacks and Whites. 
Problems also ·existed in dealing with skeletal remains. In some 
forensic cases, innominates might be too fragmented to obtain correct 
measurements, thus eliminating this method for race determination. 
Another problem is that of the social definition of race. If an 
individual is bnly slightly admixed with either Black or Indian, he is 
usually considered a member of the minority for purposes of official 
identification. However, based on skeletal morphology, that individual 
may actually classify as a White. 
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In performing any .statistical analysis, some basic assumptions must 
be made. First, it must be assumed that the sample chosen is represen­
tative of the population as a whole. That is, .for this study, the 
Blacks and Whites of the Terry Skeletal Collection were considered 
representative of the Black and White American population as a whole. 
The choice of the Arikara as a sample to represent American Indians 
was based on the large.number of individuals in the skeletal collection, 
and on the fact that their archaeological contexts and cultural 
affinities are fairly well understood. 
The next assumption in statistical analysis is that inter-observer 
error is kept to a minimum. That is, that techniques for data collection 
should be standardized to an extent that there is the least amount of 
variation in measurements recorded by different investigators. 
The last assumption in this study was that the sex of individuals 
to be classified was known. Several reliable methods for sex 
determination from the innominate are available for use by the 
investigator, including morphological methods {Krogman 1962, Phenice 
1967, and Bass 1971) as well as statistical methods (Day and Pitcher­
Wilmott 1975). 
The purpose of this study was to develop a method for determining 
the race of unknown individuals from measurements on the innominate. 
The technique of discriminant function analysis was chosen as the best 
statistical technique for classifying individuals according to race. 
Samples of American Blacks, American Whites, and Arikara Indians were 
measured in order to construct a function by which individuals of 
unknown race could be classified into a racial group. 
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CHAPTER III 
METHODS AND PROCEDURES 
Sample 
The sample in this study was divided by sex in order to clarify 
nonsexual differences which exist between populations. Forty-five 
individuals of each sex from American Black, American White, and 
Arikara skeletal collections ·were measured. In order to standardize the 
data, right innominates were measured in every case possible. Black and 
White samples were taken from the Terry Skeletal Collection, housed at 
the Smithsonian Institution in Washington, D. C. The Terry Collection 
consists of a dissecting-room population of individuals of known age, 
race, and sex. 
The sample of Arikara was drawn from the collection of Arikara 
skeletons currently housed at the University of Tennessee, Knoxville, 
Tennessee. Individuals from the site of Mobridge (39WW1) and Larson 
(39WW2), both in northern South Dakota, were measured. The sampl� 
consisted of 12 males and 11 females from Mobridge and 33 males and 
34 females from Larson. The Larson site was excavated by Dr. Alfred 
_Bowers in 1963 and 1964, and by Dr. William M. Bass in 1966, 1967, and 
1968 under National Science Foundation grants GS837 and GS1653, and 
National Geographic Society grant 699,912. The Mobridge site was 
excavated by Dr. Bass in 1968, 1969, and 1970 under National Geographic 
Society grant 699,912, and National Science Foundation grant GS2717. 
Although no absolute dates exist for these sites, Jantz (19.73) has 
.11 
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assigned dates of 1600-1650 for Mobridge, and 1750-1785 for Larson, 
based on artifact associations. The Arikara were Plains horticulturalists, 
and belonged to the Caddoan linguistic group. The Mobridge and Larson 
sites belong to the Post-Contact Coalescent stage of the Coalescent 
Tradition (Lehmer 1971), which was a period of increasing contact with 
Whites, resulting in both cultural and biological change. Jantz (1973) 
has discussed the biological changes occurring during this time, citing 
epidemic disease and increasing gene flow between the Arikara and other 
groups as major agents of biological change. 
Since the Arikara sample was comprised of individuals of unknown 
age and sex, it was necessary to determine both for this analysis. For 
purposes of age estimation, it was necessary to set a lower age limit, 
since only the innominates of mature individuals were to be used in the 
study. This lower limit was defined as the age of fusion of the 
epiphyses of the innominate to the innominate body. Stevenson (1924) 
placed the age of fusion of· the innominate epiphyses between 17 and 25 
years, and McKern and Stewart (1957) considered the age of union of the 
iliac crest to be between 17 and 23 years. 
Sex of individuals in the Arikara sample was determined by the 
observation of morphological traits on the innominates. These traits 
included the shape of the pubic bone, subpubic concavity, sciatic 
notch width, subpubic angle, and appearance of sacroili"ac articulation 
(see Young and Ince 1940, Krogman 1962, Phenice 1967, and Bass 1971, for 
discussions of these characteristics). 
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Data Collection 
Twenty-three measurements were taken on each in�ominate .. All of 
these measurements were drawn from·existing anthropological literature 
on the innominate. The measurements, their definitions, and the sources 
from which they were drawn are presented in Table 1. Figures 1, 2, 3, 
and 4 present the same measurements graphically. All measurements 
except maximum height and maximum width were taken on an osteometric 
board. 
Techniques of Analysis 
The data from the three groups in the sample (American Blacks, 
American Whites, and Arikara) were analyzed via the discriminant 
function subprogram of the Statistical Package for the Social Sciences 
(SPSS) (Nie, Hull, Jenkins, Steinbrenner, and Bent 1975) currently in 
use by the University of Tennessee Computer Center. Two forms of 
discriminant function analysis were used. The first, the direct method, 
utilized all 23 variables in constructing two functions to discriminate 
between the three samples. The second, the stepwise method, chose 
variables which maximize the distance (Mahalanobis o2) between samples, 
using a specified number of steps. In additio�, certain ·subsets of 
measurements were deleted from the original battery of 23 measurements 
and the remaining measurements were analyzed separately. These · 
measurements, to be discussed in the following chapter, were deleted 
because it was felt they included areas of the innominate which are most 
easily broken. 
TABLE 1 .  MEASUREMENTS,. DEFINITIONS, AND SOURCES 
MEASUREMENT 
a. Maximum height 
b. Maximum width 
c. Maximum ischio-pubic 
.diameter 
d. Maximum length of 
auricular surface 
e. Minimum ilium width 
f. Lower iliac height 










from most caudal point on ischium to 
most cephalic point on iliac crest, 
measured on osteometric board 
widest distance across iliac blade, 
measured on osteometric board 
from corner o� pubic symphysis to most 
distant point on ischium 
shortest distance from sacrosciatic 
notch to point where ilium forms 
beginning of pubic ramus 
"distance along ilio-pectineal line 
from the auricular surface to the 
ilio-pubic junction on the ilio­
pectineal line" (1927:3) 
"distance between the point where the 
ilio-pectineal line, . . .  , meets 
the.auricular surface and the iliac 
crest at the limit of attachment of 











TABLE 1. (continued) 
MEASUREMENT ABBREVIATION .DEFINITION 
h. Direct iliac height 
i. Height of pubic 
symphysis 
j. Width of sciatic 
notch 
k. Pubis length 
1. Ischium length 
m. Ischial tuberosity to 
posterior inferior spine 
.n. Ischial tuberosity to 








"distance between ilio-ischio-pubic 
tubercle and the iliac crest at the 
attachment of the ilio-lumbar 
ligament" (1927 :4) 
"upper to lower border of symphysial 
face" (1936.:96) 
"inside distance between the deepest 
points in the curves formed by the 
sides of the notch" (1936:96) 
from point at which ischium and pubis 
meet in the acetabulum to the 
furthest extension of the symphysis 
from point at which ischium and pubis 
meet in the acetabulum to the 





















TABLE 1. (continued) 
MEASUREMENT ABBREVIATION DEFINITION 
o. Inferior iliac width IIW 
p. Pubic ramus to posterior PPS 
superior spine 
q. Iliac length ILL 
r. Pubis to anterior PAS 
superior spine 
s. Pubic symphysis to PSA 
acetabulum 
t . . Maximum diameter of MDA 
acetabulum 
u. Height of obturator HOF 
foramen 
from anterior inferior �liac spine to 
posterior inferior iliac spine 
from lateral border of pubic ramus 
at juncture with acetabulum to 
poste�ior superior spine 
from triradiate point in acetabulum to 
most distant point on iliac crest 
from upper corner of pubic symphysis 
to anterior superior spine 
from border of pubic symphysis to the 
nearest point on rim of �cetabulum, 
parallel to superior pubic ramus 
diameter including acetabular 
borders 
"maximum vertical diameter of the 
obturator foramen perpendicular to 



























v. Width of obturator 
foramen 
w. Middle width of pubic 
ramus 





"maximum horizontal diameter of the 
obturator foramen [parallel] to the 
superior pubi� ramus, " measured 
ventrally (1975:145)· 
from point halfway down the inferior 
pubic ramus to the nearest point 
on the obturator foramen, parallel 










Figure 1. Innominate showing measurements a - e. 
Figure 2. Innominate showing measurements 
. f - j. 
..... 
00 
Figure 3. Innominate showing measurements 
k - p. 





For each discriminant function, three classification functions were 
calculated, one corresponding to each group. An·.individual's probable 
group membership was assigned by multiplying each measurement. from that 
individual by its corresponding classificaiion coefficient and adding a 
constant, for each classification function. The classification function 
on which the individual scores highest is the group centroid to which 
the individual is closest. 
After the discriminant functions and classification functions were 
calculated, each individual's discriminant score and classification 
scores were compared·to the group scores and each was assigned to the 
group to which the scores were closest. Then, based on the known group 
membership of each individual, the probability of correctly classifying 
any individual was calculated. 
Test Cases 
In order to test the accuracy and utili�y of the classification 
functions, measurements were taken from individuals not included in the 
origilal_ sample on which the discriminants were_ calculated. The sample 
of te$t cases included one Black male, two White males, two Black females, 
and t,o White females from the collection of human identification cases 
of Dr. William M. Bass, housed at the University of Tennessee, Knoxville. 
A samif1e·of 16 additional Arikara, two males and two females from the 
Rygh site {39CA4), and six males and �ix females from the Leavenworth 
site (39C09), one Black male from the Terry collection, and one East 
Indian female and three East Indian males from the University of 
Tennessee osteology teaching collection was also included. 
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A FORTRAN program was written by Dr. Richard L. Jantz to calculate 
individual classification scores from the classification functions with 
_the highest percent correct classification. Measurements from each 
individual were input along with the classification functions and 
individual scores were printed out. 
CHAPTER IV 
RESULTS 
Results of this study were in two parts for each sex. The first 
was the results of the direct discriminant function analysis, which gave 
an indication of the relationships between the populations. However, 
because of the large number of variables involved, the direct results 
were not considered extremely useful for classification purposes. The 
second part was the results of several stepwise discriminant function 
analyses for each sex. These functions were chosen as useful classifi­
cation tools because they yield a high percent correct classification 
and rely on fewer variables. The number of steps was arbitrarily 
limited to 15. 
Females 
Direct Discriminant Function Analysis 
The first analysis performed on the data was that of direct 
discri1inant function analysis. In this form of analysis, all 23 
variables were analyzed and the subsequent functions were based on all 
variables. Two discriminant functions were calculated, both with 
significance values of p < 0.001. Table 2 presents standardized 
discri�inarit function coefficients and group centroids for both functions. 
Figure S presents a plot of individual scores on the two functions, 
demonstrating the arrangement of the three groups. Function 1 acted to 
separate Blacks and Whites from Arikara, while function 2 separated all 
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TABLE 2. RESULTS OF DIRECT DISCRIMINANT FUNCTION ANALYSIS: FEMALES 
Function 1 Function 2 
Standardized Discriminant a. MH 0. 31998 0.23132 
Function Coefficients b.  MW -0.18423 -0.08912 
c. . IPD -0.02669 -0.30665 
d. LAS 0.02455 -0.07630 
e .. MIW -0.31642 -0.06407 
f. LIH -0.31814 0.08313 
g. UIH -0.03216 -0.02390 
h. DIH -0.13482 -0.50614 
i. HPS 0.20450 0.15613 
j. WSN 0. 05985· -0.11754 
k. PL 0.47247 -0. 48872 
1. ISL -0.03418 0.15956 
m. !PI -0.00135 -0.24993 
n. !PS -0.01453 0.17434 
o. IIW 0. 07771 -0.25103 
p. PPS 0.00698 0.59539 
q. ILL -0.04399 -0. 33864 
r. PAS 0.07056 -0.39607 
s. PSA -0.09502 -0.02963 
t. MDA 0.01297 0.25178 
u. HOF -0.09581 0.25057 
v. WOF 0.11999 0.08554 
w. MWP -0.04165 -0.04247 
Centroids of Groups 
in Reduced Space 
Arikara 1.30190 0.07699 
Black -0.73546 0.85059 
White -0.56642 -0.92772 
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Figure 5. Plot of Individual Scores on ·Direct Discriminant 
Functions: Fernalesl . 
1 1 indicates Arikara, 2 indicates Black, and 3 indicates White. 
*Indicates a group centroid. Discriminant score I (Horizontal) 
D�scrirninant score 2 (Vertical). 
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three groups fairly evenly. The probability of correctly classi.fying an 
individual by chance into one of the three groups was 0.33, or 33% of 
individuals. However, on the basis of the direct function, 93.33% of 
the· females in the sample classified into their correct groups. Arikara 
females classified correctly most often, with a 95.6% correct classifi­
cation rate. White females classified 93.33% correct, while Black 
females had the lowest rate of correct classification at 91.1%. 
Stepwise Discriminant Function Analysis 
Analysis 1. The stepwise analysis which produced the best 
classification results used 11 variables to calculate two discriminant 
functions, both of significance p < 0.001. The variables used in the 
analysis were: direct iliac height (h), inferior iliac width (o), iliac 
length (1), pubic ramus to posterior superior spine (p), ischial 
tuberosity to posterior inferior spine (m), pubis to anterior superi?r 
spine (r), pubis length (k), lower iliac height (f), maximum diameter of 
acetabulum. (t), and height of obturator foramen (u). Table. 3 presents 
classification function coefficients for this and the subsequent 
stepwise functions as well as Conditional F values of each variable in 
the alysis. The Conditional F value is an F ratio with each 
le conditional on the other variables in the analysis. Of the 
al sample, 90.37% of individuals were correctly classified on 
functions, with Arikara females having the highest correct 
fication rate at 95.6%, Blacks at 91.1%, and Whites at 84.4%. 
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TABLE 3. STEPWISE ANALYS IS CLASSIFICATION FUNCTIONS: FEMALES 
CLASSIFICATION FUNCTION COEFFICIENTS 
VARIABLE CONDITIONAL F Arikara Black White 
Analysis 1: 
h. DIH 2. 63928 0. 35966 0. 46950 0. 63397 
o. IIW 4. 77315 0. 79903 0. 67717 0. 82494 
q. ILL 4. 32963 1. 06437 1. 10965 1. 27517 
p. PPS 3. 68641 -0. 56596 -0. 29396 -0. 58543 
n. IPS 6. 26125 0. 65044 0. 56690 0. 47861 
m • .- IPI 6. 29426 0. 27856 0. 14758 0. 27261 
r. PAS 5. 20630 0.84569 0. 60243 0. 77523 
k. PL 1. 91151 1. 56705 o . . 8.4400 1. 15917 
f.  LIH 6. 21961 -0. 69397 -0. 36480 -0. 42416 
t. MDA 5. 98366 2. 45947 2. 82434 2. 49052 
u. HOF 5. 57520 0. 58179 0. 72159 0. 39842 
CONSTANT -356. 47681 -322. 30957 -354. 97144 
Analysis 2: 
b. MW 5. 00228 -0. 13247 0. 12794 0. 16983 
o. I IW 3. 77917 0. 64992 0.49807 0. 67428 
p. PPS 2. 85282 0. 02158 0. 19823 -0. 04932 
n. IPS 4. 97921 0 . _80309 0. 68023 0. 68025 
r. PAS 2. 39679 0. 97593 0. 73055 0. 92685 
k. PL 1. 91151 0. 98266 0. 13966 0. 30365 
c. IPD 4. 52210 0. 05042 -0. 00060 0. 20050 
f. LIH 4. 97992 -0. 65935 -0. 28565 -0. 28136 
t. MDA 4. 80715 3. 45343 3. 79302 3. 52139 
s. PSA 3. 98417 0. 44785 0. 67568 0. 71037 
i. HPS 4. 97920 0. 85519 0. 40315 0. 31333 
u. HOF 4. 27749 -0. 27198 0. 10894 -0. 12020 
v. WOF 4. 89628 2. 61499 2. 15315 1. 99802 
CONSTANT -358. 68823 -318. 05786 -342. 74463 
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TABLE 3. (continued) 
CLASSIFICATION FUNCTION COEFFICIENTS 
VARIABLE CONDITIONAL F Arikara Black White 
Analysis 3: 
a. MH 5. 26258 1. 71241 1 . 39481 1. 28637 
b. MW 5. 55318 -0. 66497 -0. 43570 -0. 43662 
h. DIH 2. 63928 0. 05058 0. 25532 0. 40918 
o. I IW 4. 23397 0. 91606 o .  65717 0. 82701 
q .  ILL 3. 81670 0. 22630 0. 17911 0. 36707 
p. PPS 3. 17837 0 . 01428 0. 18889 -0. 12419 
r. PAS 4. 68743 0. 65265 0. 47224 0. 62486 
k. PL 1. 91151 1. 34460 0. 41138 0. 68757 
. f .  LIH 5. 34297 -0. 65193 -0. 18821 -0. 25736 
e. MIW 5 . 55314 -0. 41807 0. 69415 0. 68994 
t .  MDA 5 . 11169 1. 96539 2. 07092 1. 82993 
s. PSA 5. 55301 0. 47800 0. 75000 0. 81034 
i. HPS 5. 55320 0. 74229 0. 09515 0. 09287 
j .  WSN 5. 51049 0. 33158 0. 18990 0. 27195· 
CONSTANT -368. 64307 -330. 61255 -363 . 18140 
Analysis 4: 
b. MW 1. 21982 0. 16587 0. 08850 0. 19216 
h. DIH 1. 64277 0. 27703 0. 44515 0. 57898 
o .  I IW 2. 73182 0. 54203 0. 41158 0. 50076 
q. ILL 2. 95847 0. 96096 1. 00903 1. 09569 
p . PPS 2. 38866 -0. 11703 -0. 01473 -0. 20308 
n. IPS 3. 23933 0. 80785 0. 68507 0. 65808 
f .  LIH . 3. 24271 -0. 20126 0. 04817 0. 05859 
g. U�H 3. 21069 
0. 31562 0. 17128 0. 22625 
1. I L 2. 05394 0. 98731 0. 69936 0. 62354 
e. M]W 0. 32122 0. 22211 0 . 91361 0. 92446 
t. MDA 3.15240 3. 16857 2. 92693 2. 80834 
j . WSN 3. 09502 0. 02541 -0. 10460 -0. 01213 
CONSTANT -315. 92700 -308. 43018 -331. 17798 
Analysis 2. The second stepwise analysis utilized 13 variables to 
construct two discriminant functions with significance of p < 0. 001. 
The classification function coefficients are listed in Table 3. 
Measurements used in this function include maximum width (b), inferior 
iliac width (o), pubic ramus to posterior superior spine (p), ischial 
tuberosity to posterior superior spine (n), pubis to anterior superior 
spine (r), pubis length (k),  maximum ischio-pubic diameter (c), lower 
iliac height (f), maximum diameter of acetabulum (t), height .of pubic 
symphysis (i), height of obturator foramen (u), and .width of obdurator 
foramen . ·  (v). This particular function was designed to be used to 
classify innominates with broken iliac crests. Overall correct 
classification in this case was 88 . 89%, wi�h Arikara classifying 
accurately at a rate of 93. 33%, . Blacks at 88. 9%, and Whites at 84.4%. 
Analysis 3. The third stepwise function utilized 15 variables for 
the creation of two discriminant functions, both with significance of 
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p < 0. 001. Variables used in the analysis were maximum height (a) , 
maximum width (b), direct iliac height (h), inferior iliac width (o) , 
iliac length (q), pubic ramus to posterior superior spine (p), ·pubi_s to 
anterior superior spine (r), pubis length (k), lower iliac height (f), 
minimum ilium width (e), maximum diameter of _ acetabulum (t), height of 
pubic symphysis (i), pubic symphysis to acetabulum (s), and width of 
sciatic notch (j ) .  This function contains a minimum number of measure­
ments utilizing the ischium, and may be useful in classifying innominates 
on which the ischium has been broken. Analysis 3 classified 88. 89% of 
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the total sample correctly, with 95 . 6% of Arikara, 88.9% of the total 
sample correctly, with 95.6% of Arikara, 88 . 9% of Blacks, and 82.2% of 
Whites classifying correctly. Table 3 lists classification coefficients 
and Conditional F's for each variable. 
Analysis 4. The fourth stepwise analysis utilized 12 variables in 
calculating two discriminant functions, both with significance levels of 
p < 0.001. The variables in the analysis were maximum width (b), direct 
' iliac height (h), inferior iliac width (o), iliac length (q), pubic 
ramus to posterior superior spine (p), ischial tuberosity to posterior 
superior spine (n), lower iliac height (f), upper iliac height (g), 
ischium length (1), minimum ilium width (e), maximum diameter of 
acetabulum (t), and width �f sciatic notch (j ) .  This function should be 
useful in classifying innominates with broken pubic rami or those with 
broken pubic symphyses, since it uti lizes no measurements on those areas . 
Overall, individuals from the three groups classified 88.15% correctly, 
with 93.3% of Arikara, 88.9% of . Blacks, and 82.2% of Whites classifying 
correctly. Classification coefficients and Conditional F statistics are 
listed in Table 3 .  
Test Cases 
A group of 13 individuals not included in the original sample wer� 
classified into racial groups based on the classification functions in 
· Analysis 1. Eight individuals were Arikara females, two were Black 
females, two were White females, and one was East Indian (Caucasian). 
The Black and White individuals were from the collection of human 
identification cases of Dr. William M. Bass. The East Indian was from 
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the osteology teaching collection at the University of Tennessee. The 
measurements from these innominates were input into a FORTRAN program 
written by Dr. Richard L. Jantz, which calculated individual classification 
scores based on the three classification functions. Of the sample of 
13 individuals, 10 were correctly classified. Individual function scores 
are pres�nted in Table 4. 
Males 
Direct Discriminant Function Analysis 
Using the direct discriminant function method, all 23 variables. 
were utilized in creating two discriminant functions. Table S presents 
standardized discriminant function coefficients · and centroids for both 
functions. The significance level of both functions was p <  0. 001. 
· Figure 6 presents a plot of individual discriminant scores, illustrating 
the relationships between groups on these functions. This plot of 
individual scores was a mirror-image of the plot of scores for females . 
Both functions separate the three groups in the same way for both sexes : 
function 1 ·primarily separated Arikara from Blacks and Whites·, while 
function 2 separated all groups approximately evenly. On the basis of 
the direct discriminant function analysis, 87 . 41% of all males 
classified correctly, with 95. 6% of Arikara males, 84 . 4% of Black males, 
and· 82. 2% of White males classified correctly. 
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TABLE 4. CLASSIFICATION FUNCTION SCORES OF TEST CASES: FEMALES 
CLA.SSIFICATION FUNCT ION SCORES1 
RAC IAL GROUP Arikara Black White 
Arikara (39CA4) 388. 309* 374. 393 384. 980 
Arikara (39CA4) 333. 068 336. 423 328. 099 
Arikara (39C09) 373. 065 *  366. 887 365 . 14'1 
Arikara (39C09) 366. 534* 354. 874 361. 001 
Arikara (39C09) 407. 970* 397. 677 402.667 
Arikara (39C09) 341. 481 * 332. 557 332. 828 
Arikara (39C09) 388. 044* 376. 675 382. 603 
Arikara (39C09) 349. 744 350 . 168 348.424 
East Indian 228. 800 245. 899 237. 839 
Black 31 6. 310 334. 342* 328. 099 
Black 262. 359 269. 934* 266 . 1 19 
White 409 . 424 404 . 146 413. 662* 
White 344. 328. 344. 638 349. 314* 
1Asterisk indicates correct classification. 
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TABLE 5. RESULTS OF DIR�CT DISCRIMINANT FUNCTION ANALYSIS: MALES 
Function 1 Function 2 
Standardized Discriminant 
Function Coefficients 
a. MH -0. 45811 -0. 46211 
b. MW -0. 10492 -0 . 12713 
c .  IPD -0. 12527 -0. 28089 
d. LAS 0. 10475 -0. 41988 
e. MIW 0. 24343 -0 . 11942 
f. LIH 0. 30341 0. 11767 
g. urn 0. 09999 -0. 02906 
h. DIH 0. 31415 -0. 02576 
i . HPS -0. 02536 0. 17952 
j . WSN 0. 03557 -0. 26719 
k. PL -0. 50279 -0. 13851 
1 .  ISL 0. 14325 0. 54199 
.rn . IPI 0. 20430 -0. 11297 
n. IPS -0. 18047 0. 49522 
o .  IIW 0. 02910 0. 33414 
p. PPS -0. 04613 0. 16266 
q. ILL -0. 08659 -0. 01455 
r .  PAS 0. 04753 -0. 30030 
s .  PSA 0. 20615 -0. 20532 
t .  MDA -0. 02416 · o. 13761 
u .  HOF 0. 03008 0. 08763 
v. WOF - 0 . 02537 0 . 16320 
w. MWP 0. 00769 -0. 31620 
Centroids of Groups 
in Reduced Space 
Arikara -1. 29605 0 . 10911 
Black 0. 78317 0. 73003 
White 0. 51288 -0. 83913 
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Functions: Malesl. 
1 1 indicates Arikara, 2 indicates Black, and 3 indicates White . 
*Indicates a group centroid . Discriminant score 1 (Horizontal) , 
Discriminant score 2 (Vertical) . 
Stepwise Discriminant Function Analysis 
Analysis 1. The first stepwise analysis utilized 13 variables in 
constructing two discriminant functions, both with significance of 
p < 0.001. The classification coefficients and Conditional F ' s  are 
listed in Table 6. The variables used in the functions were maximum 
height (a), direct iliac height (h), inferi�r iliac width (o) , ischial 
tuberosity to posterior superior spine (n) , pubis to anterior superior 
spine (r) , pubis length (k}, maximum ischio-pubic diameter (c) , lower 
iliac height (f) , ischium length (1), maximum length of auricular 
surface (d) , maximum diameter of acetabulum (t), middle width of pubic 
ramus (w), and width of sciatic notch (j ) .  The total percentage of 
correct classification on these functions was 87. 41%, with 97.8% of 
Arikara , . 84. 4 % of Blacks, and 80. 0% of Whites grouping correctly . 
Analysis 2. The second -stepwise analysis utilized nine variables 
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in �onstructing two discriminant functions. Both of these functions had 
significance levels of p < 0. 0·01. Table 6 lists classification 
coefficients and Conditional F's for the variables used. The measurements 
included in this analysis were maximum height (a), direct iliac height 
(h), pubic length (k) , maximum ischio-pubic diameter (c) , lower iliac 
height (f) , ischium length (1), minimum ilium width (e) , pubic 
symphysis to acetabulum (s ) , and middle width of pubic ramus (w). This 
function was designed . to classify innominates which have broken 
sacroiliac articulations. Overall, 85.19% of the individuals analyzed 
classified into their correct groups. Arikara classified correctly in 
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TABLE 6 .  STEPWISE ANALYSIS  CLASSIFICATION FUNCTIONS : MALES 
CLASS IFICATION FUNCTION COEFFICIENTS 
VARIABLE CONDITIONAL F Arikara Black White 
Analysis -1 : 
a .  MH 3 . 29654 0 . 50033 0 . 02626 0 . 20007 
h .  DIH 4 . 49584 -0 . 42639 0 . 02289 -0 . 0058 1  
o .  I IW 3 . 6962 1 0 . 88342 1 . 10616 0 . 97079 
n . IPS 3 . 06265 0 . 34629 0 . 35034 0 . 2 3700 
r .  PAS 2 . 47448 0 . 5982 7 0 . 55 316 0 . 6 2706 
k .  PL  0 . 94 260 0 . 909 15 0 . 08010 0 . 25632  
C •· IPD 4 . 2 8150 -0 . 03523 -0 . 14643 -0 . 05881  
f. LIH 3 . 88951  -0 . 77979 -0 . 35550 -0 . 45962 
1 .  ISL 2 . 06903 1 . 04440 1 .  57581  1 . 2 2295 
d .  LAS 2 . 8 1626 0 . 16903 0 . 18050 0 . 38451  
t .  MDA 4 . 39679 2 . 56487 2 .  72 187 2 . 5 8992 
w .  MWP 1 .  63152 .-0 . 775 12 -0 . 80435 -0 . 59812 
j . WSN 4 . 05885 0 . 2044 1 0 . 26720 0 . 36918 
CONSTANT -298 . 85449 -277 . 31909 - 2 87 . 2 7 710 
Analysis 2 :  
a .  MH 2 . 464 18 1 .  60372 1 .  01675 1 . 15 137 
h.  DIH  3 . 36129 �0 . 43530 -0 . 01181  -0 . 01243 
k .  PL  0 . 94260 1 . .2 9955 0 . 44 839 0 . 62 144 
c .  IPD 3 . 22630 -0 . 0 7238 -0 . 30560 -0 . 2 2393 
f. LIH 2 . 84364 -0 . 56523 -0 . 00439 -0 . 14559 
1 .  ISL 2 . 06903 0 . 92467 1 .  5 1502 1 .  1954 3 
e .  · MIW 3 . 0 1329 1 . 172 3 1  1 .  90 180 1 . 73454 
s .  PSA 3 . 3665 2 -0 . 14769 0 . 15 993 0 . 18760 
w .  MWP 1 .  63152 -0 . 83403 -0 . 89057 -0 . 64961 
CONSTANT -254 . 09607 - 2 31 . 49207 -242 . 4 3457 
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TABLE 6. (continued) 
CLASSIFICATION FUNCTION COEFFICIENTS 
VARIABLE CONDITIONAL F Arikara Black White 
Analysis 3: 
h .  DIH 2. 84058 -0. 35066 -0. 02726 -0. 01730 
q. ILL 2. 16421 . 1. 75538 1. 35707 1. 47829 
P .  PPS 2. 37926 0. 67527 0. 52259 0. 42863 
k .  PL 0. 94260 2. 71584 · 1 . 63208 1. 78594 
f. LIH 1. 85781 -0. 72107 -0. 23936 -0. 37707 
e. MIW 2. 52278 0. 98778 1. 61832 1. 51531 
d. LAS 2. 71745 0. 60441 0. 76679 0. 85289 
s. PSA 2. 83719 -0. 98812 -0. 69147 -0. 61606 
w. MWP 1. 63152 -0 . 80790 -0. 78075 -0. 55786 
i .  HPS 2. 78572 0. 37607 0. 21102 0. 12575 
j . . WSN 2. 61797 0. 37649 0. 46625 0. 53667 
CONSTANT -267. 51611 -238. 37952 -255 . 03027 
Analysis 4: 
o. IIW 3. 22693 1. 26595 1. 42203 1. 29844 
n. IPS 3. 06265 0. 48199 0. 32018 0. 22379 
m.  IPI 4. 04197 0 .. 06520 0. 21102 0. 23712 
r. PAS 2. 47448 0. 78221 0. 70479 0 .  80911 
k .  PL 0. 94260 .0. 74652 -0. 09564 0. 06973 
c .  JPD 3. 48110 -0. 05169 -0. 19209 -0. 08902 
f. LIH 4. 06315 -0. 69295 -0. 34102 -0. 42581 
L ISL 2. 06903 1. 38890 1. 72441 1. 44218 
d. LAS 2. 81626 0. 54472 0. 59329 0. 79593 
s. PSA 4 . 11633 0. 01743 0. 23130 0. 35364 
w. MWP 1. 63152 -0. 66891 -0. 73774 -0. 54614 
j . WSN 3. 69699 0. 21310 0. 24207 0. 35320 
v. WOF 4. 02863 0. 56339 0. 38066 0. 34037 . 
CONSTANT -277. 04956 -254. 80103 -265. 82764 
95 . 6 % of cases , whi le Blacks and Whites class ified correctly in ·80 . 0% 
of cases . 
Analysis 3 . . Clas s ification coefficients and Conditional F ' s  for 
the third stepwise  analysis  are presented in Table 6 .  This  analysi s  
resulted in  two discriminant functions of  .p < 0 . 001 . Variables  
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uti l i zed in the functions inc luded direct i l iac height (h) , i l iac length 
(q ) , pubic ramus to posterior superior spine (p) , pubis length (k ) , lower 
i l iac height (f) , minimum il ium width (e) , maximum length of auricular 
surface (d) , pubic symphys is  to acetabulum (s ) , middle width of pubic 
ramus (w) , height of pubic symphys is ( i ) , and width of sciatic  notch (j ) .  
Classifi cation . results  overal l were 85 . 1 9% of individuals correctly 
clas s ified , with 97 . 8% of Arikara , 80 . 0% of  Blacks , and 7 7 . 8%  of Whites 
correctly clas sified . This function was developed to al low clas s ification 
of innominates with broken i schia .  
Analys i s  4 .  The fourth stepwise analys is on males resul ted in two 
di scriminant functions with significance levels  of p < 0 . 001 . Clas s ifi ­
cation information i s  l i sted i n  Table 6 .  The 1 3  variables  i n  the 
analysis  were inferior i l iac width (o ) , ischial tuberosity to posterior 
superior spine (n ) , i schial tuberosity to posterior inferior spine (m) , 
pubis to anterior superior spine (r) , pubis length (k ) , maximum i s chio­
pubic diameter (c) , lower i l iac height (f) , ischium l ength ( 1 ) , maximum 
length of auricular surface (d) , pubic symphysi s  to acetabulum (s ) , middle 
width of pubic ramus (w) , width of sciatic notch (j ) ,  and width of 
obturator foramen (v) . Thi s  function was constructed to al low 
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classification of innominates with broken iliac crests. Overall correct 
classification was 83. 70%, with Arikara males classifying correctly in 
95.6% of cases, Black males .in 84.4% of cases, and White males in 
71.1% of cases. 
Test Cases 
Fifteen males from outside the original sample were classified on . 
the function with the best classification results. Eight individuals 
were Arikara, two were White males from the human identification 
collection of Dr. William M. Bass, one was a Black. male from Dr. Bass' 
collection, one was a Black male from the Terry collection, and three 
were East Indians from the University of Tennessee osteology teaching 
collection. The measurements on these innominates were input into the 
FORTRAN classification program along with the classification functions 
from Analysis 1, and ·individual classification scores resulted. Of the 
15 test individuals, eight classified correctly. Table 7 presents 
individual function scores. 
39 
TABLE 7. CLASSIFICATION FUNCTION SCORES OF TEST CASES : MALES 
CLASSI FICATION FUNCTION SCORES1 
RACIAL GROUP Arikara Black White 
Arikara (39CA4) 259. 909 265. 076 267. 995 
Arikara (39CA4) 256. 889 269. 700 269. 273 
Arikara (39C09) 272 . 770* 268. 255 266. 647 
Arikara (39C09) 277. 305* 269. 229 27 1. 788 
Arikara (39C09) 321. 042* 304.501 309. 529 
Arikara (39C09) 387. 816 289. 513 310.040 
Arikara (39C09) 270. 382* 261.216 266. 844 
Arikara (39C09) 260. 286* 250. 946 253. 521 
East Indian 21 1. 136 220. 897 ·221. 957* 
East tndian 220. 671 231. 949 229. 382 
East Indian 232. 927 239. 194 . 239. 243* 
Black 284. 008 290. 391 290. 392 
Black 265. 575 274. 820* 274. 041 
White 308. 729 305. 205 308. 087 
White 261. 881 274 . 553 274. 449 
1Asterisk indicates correct classification. 
CHAPTER V 
CONCLUSIONS AND RECOMMENDATIONS 
In problems of race determination on unknown individuals, a need 
existed for a method of race identification on postcranial material. In 
order .to quantify differences between races in pelvic morphology 
previously noted by other authors, the statistical technique known as 
discriminant function analysis was applied to 23 measurements on the 
innominate. 
In this study, a series of classification functions were developed 
from measurements on the innominates from three skeletal samples. 
American Blacks, American Whites, - and Arikara samples were measured, 
and functions which best distinguished between groups resulted from 
discriminant function analysis. 
Individuals measured in the original study were classified into 
racial groups by computing individual classification scores. This 
procedure resulted in a high degree of correct classification within 
the original sample. Females classified as high as 93.33% correct to 
rac�al group, and males classified up to 87.41% correct. The 
classification functions which provided the highest probability of 
correct classification were used _to attempt to classify individuals of 
known race from outside the original sample in order to test the utility 
of these functions for identifying unknown individuals. The results 
these test cases indicated that, although this technique can classify 
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unknown individuals according to race, it may not be accurate enough to 
be used as a sole criterion for race identification. 
The cause for the incorrect classifications may be related to 
within-group variation. If, as suggested by Krukierek (1951), Nicholson 
(1945), and Angel (1976), nutritional status is an important factor in 
determining pelvic morphology, then the original sample may represent 
one nutritional level while the test cases represent another . This may 
be_ especially true for the Blacks and Whites, since the Terry collection 
was a dissecting-room population generally regarded as of low socio­
economic status, and the human identification cases were not. But, the 
Arikara test cases, even though they were from temporally different 
sites, classified correctly most often. In addition, three of the five 
East Indians classified correct"ly into the White group, despite the 
great spatial and cultural difference between them and the original 
White sample. Both the results of the Arikara and East Indians indicate 
that there was a racial component in the functions, although the Black 
and American White samples indicated that there may also be within-group 
variation that would cause incorrect classification. 
It is concluded that significant differences do exist between the 
innominates of different racial groups. These differences are apparent 
in the significance levels of the discriminant functions, and in the 
high degree of accuracy of individual classification. It should be 
possible to apply these differences to the problem of identifying the 
race of unknown individuals, and, with the small sample of test cases, 
this was done with a fair amount of accuracy. 
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This research has conclusions similar to th�se of previous authors : 
that racial differences do exist in pelvic morphology. Future areas of 
inquiry should include research into the reasons for these differences, 
whether entirely genetically controlled or largely influenced by 
nutrition and living conditions, or a combination of the two. In 
addition, the biomechanical implications of these differences could 
prove a fruitful area of study. A general study of pelvic morphology on 
larger samples from several populations might also be worthwhile in that 
it should clarify the total amount of between-group variation in the 
pelvis. As far as the utility of these differences for determining the 
race of unknown individuals, only the. application of the methods 
described in this study to a large number of human identification - cases 
will prove their worth. At the present time, however, the discriminant 
function approach to racial identification from the pelvis should be used 
in conjunction with traditional methods of race identification . 
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